Molecular Dynamics Studies on the Structural Stability of Wild-Type
  Rabbit Prion Protein: Surface Electrostatic Charge Distributions by Zhang, Jiapu
Bioinformatics Research: New Developments, Professor Jean-Michel 
VERDIER Editor, Nova Science Publishers, 2011. 
 
Chapter 
 
Molecular Dynamics Studies on the Structural Stability of Wild-Type 
Rabbit Prion Protein: Surface Electrostatic Charge Distributions 
 
Jiapu Zhang 
School of Sciences, Information Technology and Engineering,  
University of Ballarat, Mount Helen, Ballarat, VIC 3350, Australia,  
Emails: j.zhang@ballarat.edu.au , jiapu_zhang@hotmail.com 
Phone: (61)423 487 360. 
 
Abstract 
Prion diseases cover a large range of neurodegenerative diseases in humans and 
animals, which are invariably fatal and highly infectious. By now there have not been 
some effective therapeutic approaches or medications to treat all prion diseases. 
Fortunately, numerous experimental experiences have showed that rabbits are 
resistant to infection from prion diseases isolated from other species, and recently 
the molecular structures of rabbit prion protein and its mutants were released into 
protein data bank. Prion diseases are “protein structural conformational” diseases. 
Thus, in order to reveal some secrets of prion diseases, it is amenable to study 
rabbits by techniques of the molecular structure and its dynamics. Wen et al. (PLoS 
One 5(10) e13273 (2010), Journal of Biological Chemistry 285(41) 31682-31693 
(2010)) reported the surface of NMR RaPrPC(124-228) molecular snapshot has a 
large land of continuous positive charge distribution, which contributes to the 
structural stability of rabbit prion protein. This is just the property at one snapshot. 
This paper confirms a large land of positive charge distribution has still been 
reserved during the long molecular dynamics of 30 nanoseconds in many 
environments, but the continuous of the land has not been always reserved yet. 
These results may be useful for the medicinal treatment of prion diseases. 
 
1 Introduction 
Prion diseases are invariably fatal and highly infectious neurodegenerative 
diseases affecting humans and animals. The neurodegenerative diseases 
such as Creutzfeldt-Jakob disease (CJD), variant Creutzfeldt-Jakob diseases 
(vCJD), iatrogenic CreutzfeldtJakob disease (iCJD), familial CreutzfeldtJakob 
disease (fCJD), sporadic CreutzfeldtJakob disease (sCJD), Gerstmann-
Straussler-Scheinker syndrome (GSS), Fatal Familial Insomnia (FFI), KURU 
in humans, Scrapie in sheep, bovine spongiform encephalopathy (BSE or 
mad-cow disease) in cattle, chronic wasting disease (CWD) in white-tailed 
deer, elk, mule deer, moose, transmissible mink encephalopathy (TME) in 
mink, feline spongiform encephalopathy (FSE) in cat, exotic ungulate 
encephalopathy (EUE) in nyala, oryx, greater kudu, and spongiform 
encephalopathy (SE) in ostrich etc belong to prion diseases 
(http://en.wikipedia.org/wiki/Prion). By now there have not been some 
effective therapeutic approaches or medications to treat all these prion 
diseases. 
 
Rabbits are one of the few mammalian species reported to be resistant to 
infection from prion diseases isolated from other species [1, 2, 3, 4, 5, 6, 7, 8, 
9]. Thus, the paper studies rabbit prion protein in order to get some clues for 
the treatment of prion diseases. 
 
Prion diseases are “protein structural conformational” diseases. The normal 
cellular prion protein (PrPC) is rich in α-helices but the infectious prions (PrPSc) 
are rich in β-sheets amyloid fibrils. The conversion of PrPC to PrPSc is believed 
to involve a conformational change from a predominantly α-helical protein 
(about 42% α-helix and 3% β-sheet) to a protein rich in β-sheets (about 30% 
α-helix and 43% β-sheet) [10]. Fortunately, the X-ray and NMR protein 
structures of rabbit prion protein and its S173N and I214V mutants were 
released into protein data bank (www.rcsb.org) (PDB ID codes 3O79, 2FJ3, 
2JOH, 2JOM) recently. Hence, the conformational changes may be amenable 
to study by molecular dynamics (MD) techniques of these X-ray and NMR 
structures. 
 
The author has studied the structural dynamics of rabbit prion protein and 
found that the structures were unfolded from α-helices into β-sheets under the 
conditions of 350 K or 450 K in low pH environment [11, 12, 13, 14, 15, 16]. 
However, under these conditions, the α-helices of human, mouse, dog and 
horse prion proteins were not found to unfold [11, 12, 13, 14, 15, 16]. The 
author concluded that some salt bridges (e.g. the one between residues 163 
and 177) are clearly contributing to the structural conformational change [11, 
12, 13, 14, 15, 16]. β2-α2 loop was reported to play an important role to 
stabilize the structural stability of rabbit and horse prion proteins [17, 18, 19, 
20, 21, 22, 23, 24, 25, 26, 27, 28], and recently Wen et al. (2010) reported 
that rabbit prion protein has a unique distribution of large-continuous-positive -
charge-surface electrostatic potential [25, 24, 21], which is with the highly 
ordered and well NMR-signal-recognized β2-α2 loop contributing to the 
structural stability of rabbit prion protein. The paper will study (by MD 
techniques) the dynamics of the surface electrostatic potential distributions of 
the 3D NMR structure of rabbit prion protein. 
 
2 Surface Electrostatic Charge Distributions 
To describe the potential energy associated with a charge distribution the 
concept of the electrostatic potential is introduced. The electrostatic potential 
at a given position is defined as the potential energy of a test particle divided 
by the charge of this object. When the charge distribution is over a particular 
area then the distribution is called as surface charge distribution. Electrostatic 
potential surfaces are valuable in computer-aided drug design because they 
help in optimization of electrostatic interactions between the protein and the 
ligand. These surfaces can be used to compare different inhibitors with 
substrates or transition states of the reaction.  
 
First, we show the surface electrostatic charge distributions of 3D NMR 
structures of rabbit, horse, dog, human, mouse, rabbit S173N mutant and 
rabbit I214V mutant prion proteins (Figure 1). 
 
< Figure 1 > 
We may see in Figure 1 that wild-type rabbits have a larger land of positive 
charge distributions than horses, dogs, humans and mice. Figure 1 just 
illuminates to us the surface charge distribution of one snapshot of rabbit 
prion protein. In this paper we will study the dynamics of the surface charge 
distributions during long MD simulations of 30 ns to confirm the above 
observation. 
 
2.1 MD Techniques 
MD simulation materials are completely same as the ones of [11, 12, 13, 14] 
and the initial simulation structures were built on RaPrPC(124-228) (PDB entry 
2FJ3). MD simulation methods are completely same as the ones of [11, 12, 
13, 14]. The next subsection illuminates the surface charge distributions of 
RaPrPC on the snapshots at 5 ns, 10 ns, 15 ns, 20 ns, 25 ns, 30 ns of 350 K 
and 450 K for different initial velocities seed 1 and seed 2, in neutral and low 
pH environments (Figures 2-9). 
 
2.2 Surface Charge Distributions of RaPrP 
 
< Figure 2 > 
 
< Figure 3 > 
 
< Figure 4 > 
 
< Figure 5 > 
 
< Figure 6 > 
 
< Figure 7 > 
 
< Figure 8 >  
 
< Figure 9 > 
 
2.3 Analyses of Surface Charge Distributions of RaPrP 
We may see in Figures 2-9 that the continuation of blue or red colors for low 
pH value is less for neutral pH value; this might imply to us RaPrP has less 
structural stability in low pH environment. Similarly, we may list the snapshots 
of surface charge distributions of HoPrPC(119–231) (PDB entry 2KU4), 
DoPrPC(121–231) (PDB entry 1XYK), HuPrPC(125-228) (PDB entry 1QLX) 
and MoPrPC(124-226) (PDB entry 1AG2) during the long MD simulations of 
30 ns. However, we cannot find their clear differences from RaPrPC(124-228). 
In the below, we only analyze the surface charge distributions of special 
residues ARG163 (Figure 10) and ASP177 (Figure 11) and of the β2-α2 loop 
RaPrP(163-171) (Figure 12). 
 
< Figure 10 > 
 
< Figure 11 > 
 
< Figure 12 > 
 
By observations from Figure 12 we cannot see much difference among these 
snapshots at the 30th nanosecond. Figures 10-11 illuminate to us that the 
NMR snapshot has large land of uniform distributions around the the residues 
R163 and D177 respectively, but we cannot find the real difference among all 
the snapshots at the 30th nanosecond. 
 
3 Conclusion 
The surface of NMR RaPrPC(124-228) molecule has a large land of 
continuous positive charge distribution (Figure 13). This agrees with the 
observation of [25, 24, 21]. To check whether this continuous positive charge 
distribution is still reserved during the long MD simulations of 30 ns under 
many different conditions, this paper presents numerous snapshots of graphs 
for NMR RaPrP(124-228). These graphs should have a value acted as a rich 
database to study the ‘unique distribution of surface electrostatic potential’ of 
NMR RaPrPC(124-228) molecule. 
 
< Figure 13 > 
 
Generally, we find that, in neutral pH environment, rabbit prion protein has a 
large land of positive charge distribution (Figures 1a, 1g, 3, 5, 7, 9, 10a, 11a); 
this agrees with the finding of Wen et al. [25, 24, 21]. In low pH environment, 
the large continuous and disappears (Figures 2, 4, 6, 8) and the structural 
stability of rabbit prion protein is broken (from α-helices into β-sheets). In 
conclusion, the surface electrostatic potential charge distribution, more or less, 
contributes to the structural stability of rabbit prion protein and contributes to 
the study of the species barrier of rabbit prion protein to prion diseases. 
 
Acknowledgments 
This research was supported by a Victorian Life Sciences Computation Initiative 
(VLSCI) grant number VR0063 on its Peak Computing Facility at the University of 
Melbourne, an initiative of the Victorian Government. 
 
References 
[1] Vorberg I., Martin H.G., Eberhard P., Suzette A.P. (2003) Multiple amino acid 
residues within the rabbit prion protein inhibit formation of its abnormal isoform. J. 
Virol. 77(3): 2003-2009. 
 
[2] Loftus B., Rogers M. (1997) Characterization of a prion protein (PrP) gene from 
rabbit; a species with apparent resistance to infection by prions. Gene 184(2): 215-
219. 
 
[3] Rubenstein R., Kascsak R.J., Papini M., Kascsak R., Carp R.I., LaFauci G., 
Meloen R., Langeveld J. (1999) Immune surveillance and antigen conformation 
determines humoral immune response to the prion protein immunogen. J. Neurovirol. 
5(4): 401-413. 
 
[4] Kascsak R.J., Fersko R., Pulgiano D., Rubenstein R., Carp R.I. (1997) 
Immunodiagnosis of Prion Disease. Immunol. Invest. 26(1-2): 259-268. 
 
[5] Souan L., Tal Y., Felling Y., Cohen I.R., Taraboulos A., Mor F. (2001) Modulation 
of proteinase-K resistant prion protein by prion peptide immunization. Eur. J. 
Immunol. 31(8): 2338-2346. 
 
[6] Bringue V., Vilotte J.L., Laude H. (2008) Prion agent diversity and species barrier. 
Vet Res. 39(4): 47-76. 
 
[7] Nisbet R.M., Harrison C.F., Lawson V.A., Masters C.L., Cappai R., Hill A.F. (2010) 
Residues surrounding the glycosylphosphatidylinositol anchor attachment site of PrP 
modulate prion infection: insight from the resistance of rabbits to prion disease. J. 
Virol. 84(13): 6678-6686. 
 
[8] Fernandez-Funez P., Zhang Y., Casas-Tinto S., Xiao X., Zou W.Q., Rincon-Limas 
D.E. (2010) Sequence-dependent prion protein misfolding and neurotoxicity. J. Biol. 
Chem. 285(47): 36897-36908. 
 
[9] Moore R.A., Vorberg I., Priola S.A. (2005) Species barriers in prion diseases – 
brief review. Arch. Virol. Suppl. 19 :187-202. 
 
[10] Griffith J.S. (1967) Self-replication and scrapie. Nature 215: 1043-1044. 
 
[11] Zhang J.P. (2010) Studies on the structural stability of rabbit prion probed by 
molecular dynamics simulations of its wild-type and mutants. J. Theor. Biol. 264(1): 
119-122. 
 
[12] Zhang J.P. (2011) Comparison studies of the structural stability of rabbit prion 
protein with human and mouse prion proteins. J. Theor. Biol. 269(1): 88-95. 
 
[13] Zhang J.P., Liu D.D. (2011) Molecular dynamics studies on the structural stability 
of wild-type dog prion protein. J. Biomol. Struct. Dyn. 28(6): 861-869. 
 
[14] Zhang J.P. (2011) The structural stability of wild-type horse prion protein. J. 
Biomol. Struct. Dyn. 29(2): 369-377. 
 
[15] Zhang J.P. (2011) The nature of the infectious agents: PrP models of resistant 
species to prion diseases (dog, rabbit and horses). In: Prions and Prion Diseases: 
New Developments (J.M. Verdier Eds.), NOVA Publishers, 2011. 
 
[16] Zhang J.P. (2011) Computational studies of the structural stability of rabbit prion 
protein compared with human and mouse prion proteins. In: Neurodegenerative 
Diseases / Book 2 (R.C.C. Chang and J.Y.S. Ho Eds.), INTECH Open Access 
Publisher, 2011, ISBN 979-953-307-672-9. 
 
[17] Perez D.R., Damberger F.F., Wuthrich K. (2010) Horse prion protein NMR 
structure and comparisons with related variants of the mouse prion protein. J. Mol. 
Biol. 400(2): 121-128. 
 
[18] Fernandez-Funez P., Zhang Y., Sanchez-Garcia J., Jensen K., Zou W.Q., 
Rincon-Limas D.E. (2011) Pulling rabbits to reveal the secrets of the prion protein. 
Commun. Integr. Biol. 4(3): 262-266. 
 
[19] Khan M.Q., Sweeting B., Mulligan V.K., Arslan P.E., Cashman N.R., Pai E.F., 
Chakrabartty A. (2010) Prion disease susceptibility is affected by _-structure folding 
propensity and local side-chain interactions in PrP. Proc. Natl. Acad. Sci. USA 
107(46): 19808-19813. 
 
[20] Khan M.Q. (2010) Misfolding of particular PrP species and susceptibility to prion 
infection. University of Toronto, Master Degree Thesis. 
 
[21] Lin D.H., Wen Y. (2011) Progresses on prion proteins. Scientia Sinica Chimica 
41(4): 683-698 (in Chinese). 
 
[22] Sweeting B., Khan M.Q., Chakrabartty A., Pai E.F. (2010) Structural factors 
underlying the species barrier and susceptibility to infection in prion disease. 
Biochem. Cell Biol. 88(2): 195-202. 
 
[23] Sweeting B., Brown E., Chakrabartty A., Pai E.F.(2009) The structure of rabbit 
PrPC: clues into species barrier and prion disease susceptibility. Canadian Light 
Source 28: http://www.lightsource.ca/science/pdf/activity report 2009/28.pdf 
 
[24] Wen Y., Li J., Xiong M.Q., Peng Y., Yao W.M., Hong J., Lin D.H. (2010) Solution 
structure and dynamics of the I214V mutant of the rabbit prion protein. PLoS One 
5(10): e13273. 
 
[25] Wen Y., Li J., Yao W.M., Xiong M.Q., Hong J., Peng Y., Xiao G.F., Lin D.H. 
(2010) Unique structural characteristics of the rabbit prion protein. J. Bio. Chem. 
285(41): 31682-31693. 
 
[26] Biljan I., Ilc G., Giachin G., Raspadori A., Zhukov I., Plavec J., Legname G. 
(2011) Toward the molecular basis of inherited prion diseases: NMR structure of the 
human prion protein with V210I mutation. J. Mol. Biol. doi:10.1016/j.jmb.2011.07.067 
 
[27] Christen P., Damberger C.F., Perez K.R., Hornemann S., Wuthrich K. (2011) 
Cellular prion protein conformation and function. Temperature-dependent 
conformational exchange in the cellular form of prion proteins. Journal: To be 
Published. 
 
[28] Kaneko K., Zulianello L., Scott M., Cooper C.M., Wallace A.C., James T.L., 
Cohen F.E., Prusiner S.B. (1997) Evidence for protein X binding to a discontinuous 
epitope on the cellular prion protein during scrapie prion propagation. Proc. Natl. 
Acad. Sci. USA 94(19): 10069-10074. 
 
 
 
 
 
 
Figures 1-13 can be seen from the last attached PDF file in website 
  
http://blog.51xuewen.com/jiapu_zhang_PhD_MSc_MSc_BSc/article_43241.htm 
 
